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Camptothecine (CPT), a monoterpene indole alkaloid, 
is a potent inhibitor of eukaryotic topoisomerase I. It 
is produced by a number of plants, including Notha-
podytes nimmoniana (Grahm) Mabb. (Icacinaceae), 
occurring naturally in the Western Ghats, India. The 
plant is inhabited by a number of endophytic fungi, 
many of which have been isolated and shown to pro-
duce CPT, in culture, independent of the host. In this 
article, we examine the sensitivity of endophytic fungi 
isolated from N. nimmoniana to CPT. Contrary to our 
hypothesis that these fungi should be resistant to CPT 
(as they are exposed to host CPT as well as that pro-
duced by themselves), we report that these fungi are 
sensitive and thus inhibited by CPT. We discuss these 
results in the context of the role of CPT in limiting 
endophytic fungal growth.  
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CAMPTOTHECINE (CPT), a monoterpene indole alkaloid, 
is a potent inhibitor of eukaryotic topoisomerase I, an en-
zyme responsible for the unwinding of DNA during repli-
cation and transcription
1
. Because of this property, CPT 
is one of the most cytotoxic compounds
1,2 
and several de-
rivatives of CPT are being used in the treatment of a wide 
variety of cancers, including ovarian, small lung and  
refractory ovarian cancers
2
. CPT is produced by several 
plant species as a secondary metabolite, presumably as  
a deterrent to plant pathogens and pests
3,4
. Among  
these, Camptotheca acuminata Decne.(Nyssaceae) and 
Nothapodytes nimmoniana (Grahm) Mabb. (Icacinaceae) 
are the major commercial sources of CPT
3
. Besides these 
plant sources, CPT has also been reported from a number 
of endophytic fungal
5–10 
and more recently, bacterial  
associates of plants producing CPT
11
. 
 An intriguing feature of the production of such cytotoxic 
compounds by plants and other organisms is how they 
themselves elude the toxicity of the compounds. With 
specific reference to CPT, Sirikantaramas et al.
12
, showed 
that plants producing CPT possessed critical mutations at 
the catalytic and binding domain of their topoisomerase  
I, in contrast to plants that did not produce CPT. These 
mutations prevent CPT from binding to topoisomerase I. 
Similar mutations have also been reported in human  
cancer lines tolerant to CPT
13
. Thus it is evident that  
organisms producing cytotoxic compounds such as CPT 
may have evolved strategies to prevent self-toxicity
14
.  
 In this study, we examine the sensitivity of endophytic 
fungi isolated from N. nimmoniana to CPT. A number of 
endophytes have been isolated from plants producing 
CPT
5,7–10,15
. Many of these have been demonstrated  
to produce CPT, in culture, independent of the host  
tissue
7–10,16
. However, little is known about the sensitivity 
of the isolated fungi to CPT. Reinscheid and Liu
17
 exam-
ined the sensitivity of ten endophytic fungi isolated from 
C. acuminata to CPT. Two of the ten isolates showed al-
most no inhibition at 10 g ml–1 CPT while being moder-
ately inhibited at 100 g ml–1; the remaining eight 
isolates were completely inhibited. In a study involving 
pathogenic fungi
18
, it was shown that CPT inhibited the 
growth of a number of fungal pathogens at concentrations 
ranging from 10 to 30 g ml–1; the fungi were completely 
inhibited at CPT concentrations between 75 and 
125 g ml–1. In a more recent study, Kusari et al.19 clai-
med that endophytic fungi isolated from C. acuminata 
were resistant to CPT; however the authors do not pro-
vide clear data to support this claim. Gurudatt et al.
5
 iso-
lated 26 endophytic fungi from N. nimmoniana, all of 
which produced CPT in culture. They showed that the 
fungal biomass was negatively related to the amount of 
CPT produced by the fungi and suggested that CPT  
produced by the fungus might be self-limiting its growth. 
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In this article, we show that endophytic fungi isolated 
from N. nimmoniana are inhibited by CPT produced by 
the host tissue. Furthermore, these fungi are also inhi-
bited in culture, when supplemented with CPT. We dis-
cuss these results in the light of the role of CPT in the 
host plant as a possible deterrence to pathogens and pests. 
Materials and methods 
Isolation of endophytic fungi 
Endophytic fungi were isolated from leaves of N. nimmo-
niana (Grahm) Mabb. (Icacinaceae) plants maintained at 
the School of Ecology and Conservation, University of 
Agricultural Sciences, GKVK, Bangalore, India. The 
leaves were first washed in running tap water and then cut 
into segments. The segments were surface-sterilized by 
consecutive immersion for 1 min in 70% ethanol, 1–2 min 
in 4% sodium hypochlorite and 30 sec in 70% ethanol. 
They were then rinsed thrice with sterile distilled water 
and dried with sterilized tissue paper. The leaf imprint  
assay was made to evaluate the effectiveness of surface 
sterilization
20
. The surface-sterilized segments were placed 
on plain agar media (HiMedia, Mumbai) and maintained 
at 28  2C. As and when the hyphae emerged and grew 
to cover approximately 2 cm
2
, single hyphal tips were 
isolated and sub-cultured on potato dextrose agar (PDA; 
HiMedia, Bangalore), incubated at 28  2C and brought 
to pure culture by serial sub-culturing. 
Identification of endophytic fungi using spore  
morphology and ITS rDNA sequencing 
The identity of the purified fungi was established both by 
spore morphology
9
 and ITS rDNA sequencing
21,22
. Fun-
gal preparations were stained using lacto phenol cotton 
blue and observed under a light microscope (Olympus, 
USA). Photomicrographs of the spores were taken using 
Olympus microscope (1X 81) and pore characteristics 
were compared and assigned using appropriate keys
21,23 
(Supplementary information, Figure S1, see online). 
Their identity was further confirmed by amplifying the 
internal transcribed regions using ITS1 and ITS4 prim-
ers
24
. Culturing of the fungus, extraction of DNA and 
amplification reactions were performed following Shweta 
et al.
9
. The full-length ITS sequences were submitted to 
the NCBI and BLAST analysis was performed; the fungi 
were identified by examining the closest match in the 
GenBank database. The sequences were matched with 
type strain sequences and/or the reference sequences  
obtained from NCBI (http://ncbi.nlm.nih.gov/), ITS2  
database (http://its2-6old.bioapps.biozentrum.uni-wuerz-
burg.de), UNITE (http://unite.ut.ee/) and straininfo 
(http://www.straininfo.net). The sequence with the high-
est homology, maximum query coverage and maximum 
score was used as a reference to assign the identity of the 
endophytic fungus
25,26
. 
Extraction and determination of CPT in  
endophytic fungi 
All the fungal isolates were cultured in liquid media  
following Amna et al.
6
 and CPT extracted from the fun-
gal mycelia as described by Shweta et al.
9
. The presence 
of CPT was determined using LC-ESI-MS (LCMS-2020, 
Shimadzu, Japan). All LC-MS analyses were done fol-
lowing Shweta et al.
11
. 
Chromatin condensation analysis of extract of 
endophytic fungi producing CPT 
For chromatin condensation analysis, breast cancer cell line 
MCF-7 and colon cancer cell line HCT-116 (DTP, NCI, 
USA) maintained in RPMI medium supplemented with 
10% foetal bovine serum were used. Chromatin condensa-
tion analysis was done by subjecting the cells to Hoechst 
33342 staining. The cells were grown on 96-well plates  
after treating them with different concentrations of mycelial 
extracts (as indicated in Figure 2). Mycelial extract was 
prepared in ethanol. Cells were stained with Hoechst 33342 
(0.5 g ml–1 for 10 min) and observed under Nikon Epi-
fluorescent microscope (TE2000E) fitted with UV filters. 
The number of cells with apoptotic-condensed nuclei was 
scored and expressed as percentage of cell mortality. 
Sensitivity of endophytic fungi to CPT 
Experiment 1: Effect of host and non-host tissue extract 
on fungal growth: In this experiment, we examined the 
effect of host and non-host tissue extract on the growth of 
the endophytic fungus, Phomopsis sp. (MTCC 10178). 
PDA was supplemented with leaf extract of the host plant 
(N. nimmoniana) or non-host plants, Azadirachta indica 
A. Juss (Meliaceae) and Simarouba glauca Linn. (Sima-
roubaceae). A. indica and S. glauca were chosen to serve 
as negative controls as these species do not produce CPT. 
Fifteen grams of fresh leaves was extracted in 61% etha-
nol. The filtrate thus obtained was scaled up to 100 ml by 
adding distilled water and this was used to prepare the 
PDA (15 ml/plate). The isolate (MTCC 10178) was inoc-
ulated on plates containing PDA prepared in various plant 
species extracts along with a PDA control plate. All 
treatments were maintained in quadruplets and the radial 
growth of the fungi was recorded using digital vernier 
calipers on alternative days. The significance of the  
results was tested using a two-way ANOVA.  
 
Experiment 2: Effect of host tissue extract, with and 
without CPT fraction, on fungal growth: Bark tissue of 
N. nimmoniana was collected and ground to fine powder. 
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Figure 1. LC-MS spectra of endophytic fungus, Phomopsis sp. (MTCC 10178) isolated from N. nimmoniana showing the presence of 
CPT (m/z 349). 
 
 
 
Figure 2. Percentage of chromatin condensation of breast cancer cell line (MCF-7) and colon 
cancer cell line (HCT-116) by extract of endophytic fungus, Phomopsis sp. Vertical bars indicate 
the standard deviation. 
 
 
Five hundred grams of the bark tissue powder was sub-
jected to solvent extraction using 61% ethanol. Fractiona-
tion of the crude extract was done using preparatory 
HPLC into CPT fractions and non-CPT fractions. The 
Prep HPLC separations were achieved using an RP-18 
Merck (4.6  250 mm, 5 m) column. The mobile phase 
consisted of a gradient of water and acetonitrile at a flow 
rate of 0.5 ml/min. The CPT fraction was eluted at a re-
tention time of 20.1 min and the non-CPT fractions were 
eluted before and after elution of the CPT fraction. The 
total analysis run time was 50 min. These fractions were 
used to prepare PDA, with crude extracts containing CPT 
and without CPT respectively. The crude extracts were 
prepared by extracting 15 g of fresh tissue using 61% 
ethanol. The filtrate thus obtained was scaled up to 
100 ml by adding distilled water and used to prepare the 
PDA (15 ml/plate). The isolate MTCC 10178 was inocu-
lated on both these plates and with a PDA control. All 
treatments were maintained in quadruplets and the radial 
growth of the mycelia was measured using digital vernier 
calipers on alternative days. The significance of the  
results was tested using a two-way ANOVA.  
 
Experiment 3: Effect of CPT on fungal growth: PDA 
amended with different concentrations of CPT (10, 25, 
50, 75 and 100 g ml–1, Sigma-grade) was prepared and 
the fungus MTCC 10178 was inoculated. The different 
concentrations of CPT were prepared from a stock solu-
tion (1 mg ml
–1
 prepared in 61% ethanol). All treatments 
were maintained in quadruplets and the radial growth of 
mycelia was measured using digital vernier calipers on 
alternative days. The significance of the results was    
tested using a two-way ANOVA.  
Results 
Eleven endophytic fungi were isolated from N. nimmo-
niana. These endophytes were examined for their sensi-
tivity to CPT. All the fungi were found to be inhibited by 
exogenously applied CPT (data not provided). Here we 
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Figure 3. Inhibition of endophytic fungus, Phomopsis sp. by tissue extract of its host, N. nimmoniana and other  
non-hosts. a, Control; b, N. nimmoniana (host); c, A. indica (non-host); d, S. glauca (non-host).  
 
 
 
 
Figure 4. Inhibition of endophytic fungus Phomopsis sp. by tissue 
extract of its host N.nimmoniana and other non-host plants (A. indica 
and S. glauca). Values are mean of four replicates. 
 
 
 
Figure 5. Inhibition of endophytic fungus, Phomopsis sp. by host tis-
sue extract with and without endogenous camptothecine. Crude, Crude 
extract; CPT, Fraction containing endogenous camptothecine; NCPT, 
Fraction without endogenous camptothecine. Vertical bars indicate 
standard deviation. 
 
 
present results in detail of only one endophyte, Phomop-
sis sp. (GenBank No JQ406613; MTCC 10178). The  
species Phomopsis was consistently obtained in all the 
tissues and comprised 10% of all the isolates obtained. 
The isolate produced CPT in culture as evident by  
LC-MS analysis (Figure 1). The CPT produced by the 
endophyte was structurally similar to that produced by 
the host (data not shown). Mycelial extract caused  
significant chromatin condensation of both MCF-7 and 
HCT-116 (Figure 2), indicating that the CPT produced by 
the endophytes was functionally similar to that exhibited 
by the host CPT as also Sigma-grade CPT.  
Effect of host and non-host tissue extract on fungal  
growth 
Growth of the isolate MTCC 10178 was distinctly inhibited 
in PDA plates supplemented with extract of N. nimmo-
niana leaf tissue (Figure 3) compared to plates without the 
extract. The growth was inhibited by more than 82.4% (as 
estimated through the radial growth in PDA with leaf  
extract compared to control plates without leaf extract). 
 Interestingly, the growth of the fungi was not inhibited 
in PDA plates supplemented with extracts from non-host 
plants such as A. indica and S. glauca (Figures 3 and 4). 
In the latter, the growth through days of incubation was 
similar to control PDA plates. On the other hand, there 
was a significant inhibition of fungal growth in PDA 
plates with host tissue extract (P < 0.01). 
Effect of host tissue extract with and without  
CPT fraction on fungal growth 
Host tissue extracts were separated into fractions with 
and without CPT. PDA made in fractions with CPT sig-
nificantly inhibited mycelial growth compared to PDA 
containing tissue extract without the CPT fractions 
(P < 0.01; Figure 5). The inhibition of the former was 
comparable to that obtained from the unseparated crude 
tissue fractions. These results indicate that the host tissue 
extract-induced inhibition of fungal growth is predomi-
nantly due to CPT. 
Effect of CPT on fungal growth 
There was a clear CPT dose-dependent inhibition of fun-
gal growth. Compared to mycelial growth in control PDA 
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Figure 6. a, Inhibition of endophytic fungus, Phomopsis sp. in PDA amended with different concentrations of CPT. 
Vertical bars indicate standard deviation. b, Representative illustration of inhibition of Phomopsis sp. by different concen-
trations of CPT (as in the above graph). 
 
 
on day 2, growth in 10 g ml–1 CPT was significantly  
inhibited by 45% (P < 0.01; Figure 6). 
Discussion 
Endophytic fungi are an important group of plant symbi-
onts that live asymptomatically within plant tissues. They 
have been shown to aid the performance of plants against 
abiotic and biotic stresses
27,28
. They have also been re-
ported to produce a number of secondary metabolites, 
many of which closely mimic those produced by their  
respective host plants
8,29–31
. Stierle and co-workers
32 
showed that an endophytic fungus, Taxomyces andreanae 
isolated from the yew plant, Taxus brevifolia produced 
paclitaxol, the multi-billion dollar anti-cancer compound, 
just as it is produced by the yew plant. Following this  
report, endophytic fungi producing plant secondary  
metabolites, including CPT, podophyllotoxin, vinblastine, 
hypercin, diosgenin, azadiracthin and rohitukine have 
been reported
8–10,29,30,33
.  
 Many of these metabolites are cytotoxic, inhibiting key 
metabolic steps involved in cell division
31
. Obviously 
plants producing these cytotoxic compounds may have 
evolved strategies that circumvent the implied self-
toxicity. For example, CPT-producing plants have been 
shown to possess critical mutations in their topoisomer-
ase-I, which prevents them from being inhibited by 
CPT
12
. 
 Little is however known about the fate of endophytic 
fungi and other organisms that are associated with these 
plants. The pathogenic fungus Aspergillus fumigatus that 
produced gliotoxin was shown to be itself resistant to the 
toxin
14
. More recently, Soliman et al.
34 
showed that 
endophytic fungus producing taxol are themselves toler-
ant to it. Ramesha et al.
35
 reported a chrysomelid beetle 
(Kanarella unicolor Jacobby) feeding on the leaves of N. 
nimmoniana, without any apparent adverse effect. They 
showed that over 60% of the ingested CPT is sequestered 
in metabolically inactive tissues such as wings and sug-
gested that this could be one of the strategies of the bee-
tles to reduce their cytotoxic burden. Kusari et al.
19 
showed that endophytic fungi isolated from C. accumi-
nata producing CPT may have certain intrinsic mecha-
nisms to tolerate CPT, but the authors failed to show 
conclusive evidence of the resistance of the fungus to 
CPT. On the other hand, Reinscheid and Liu
17 
showed 
that eight of the ten endophytic fungi isolated from C. ac-
cuminata were significantly inhibited by CPT. Li et al.
18
 
showed that CPT significantly inhibited fungal patho-
gens. Against this background, our study of a CPT-
producing endophytic fungus MTCC 10178, showed that 
CPT did indeed inhibit the growth of the fungus. Aque-
ous host tissue extract was able to significantly subdue 
the growth of the endophytic fungus. Most of this inhibi-
tion was found to be due to the cytotoxicity of CPT. Host 
tissue extracts free from CPT were less inhibitory. These 
results are challenging to explain, especially in the con-
text that the fungi were isolated from host tissues produc-
ing CPT and furthermore, the fungi themselves also 
produce CPT, independent of the host tissue. 
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 While we have not elucidated the topoisomerase I  
sequences for these endophytic fungi, the fact that they 
are inhibited by CPT in a dose-dependent manner, indi-
cates that they may not share the point mutations in their 
topoisomerase I, as reported for some CPT-producing 
plants
12
. These results appear consistent considering the 
fact that endophytic fungi are not necessarily symbiotic 
with their host
31,34
 and thus may not be under selection to 
mutate their topoisomerase I. A large number of diverse 
endophytic fungi have been recovered from N. 
nimmoniana; many of these have been reported to pro-
duce CPT in culture. It is highly unlikely that selection 
would have favoured all of these fungi to evolve muta-
tions to survive in a CPT environment. In summary, in 
the absence of a strict co-evolutionary interaction be-
tween the host and the endophytic fungi, it is conceivable 
that the latter may not have developed tolerance to host 
secondary metabolites. In this context, the production of 
secondary metabolites such as CPT by plants may be 
viewed as a host defence strategy aimed at reducing the 
pathogen load on the plant. By corollary, this could also 
lead to a subdued growth of the endophyte.  
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